















































QUALITY OF GROUND WATER

The degree to which the shallow ground-water resources of southwestern Minnesota
may be further developed depends not only on the quantity of water available but also on
the chemical quality of the water. The chemical quality depends mostly on the constitu-
ents dissolved from the minerals and organic compounds with which the water has been in
contact. Some of the chemical constituents, physical properties, and charcteristics most
significant in determining the suitability of water for domestic, livestock, and irrigation
use are iron, sulfate, nitrite or nitrate, fluoride, dissolved solids, hardness, temperature,
taste, color, odor, specific conductance, sodium-adsorption-ratio (SAR), and percent

sodium.

The National Academy of Science and National Academy of Engineering (1973) stan-
dards for some of the chemical constituents commonly present in drinking water are
shown in table 1.

Table 1.—~Standards for some of the chemical constituents

Concentration, in mg/L
Recommended Recommended

Constituent maximum rejection
Chloride c.veviiiensnenacncsssassncnnes 250 none
Fluoride ...cievvenseensccenncenccnnnns 1.0* 1.6
Iron and MaNganesSe. .. ceeesceccensosones 0.3 none
Nitrite-nitrogen......ccceveianannn 10.0 none
Sulfate ...coevensnrvasnccsescnssnennns 250 none
Dissolved SOlidS covvvvevecensencnncnnnes 500 2,000

*Based on annual average of maximum daily air temperatures of 23.7°C.

The heterogeneity of the drift is reflected by a wide range of mineral constituents in
the ground water. In general, the water contains large quantities of calecium, magnesium,
sulfate, and bicarbonate.

Water samples collected from 15 observation wells distributed throughout the area
(table 2) were analyzed. Results of three chemical analyses of ground water in Nobles
County (Norviteh, 1964) and four analyses for Cottonwood, Jackson, Lincoln, and Murray
Counties (Broussard and others, 1973; Anderson and others, 1976a; DeWild and others,
1979) are also included in table 2. These data indicate that, in general, the ground water
is suitable for domestic uses, although it is very hard. Locally, sulfate concentrations
exceeded the National Academy of Science and National Academy of Engineering (1973)
recommended limits in samples collected from the Des Moines, Cottonwood, and Kana-
ranzie aquifers, in Murray, Redwood, and Nobles Counties, respectively. Recommended
concentrations of nitrate as nitrogen were exceeded in samples from the Chanarambie,
Rock, Flandreau, and Beaver aquifers in Pipestone and Rock Counties.
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Table 2.—Chemical analyses of ground
I:Analyses in milligrams per

Total
iron (Fe) Dis~ Dis- Dis-
Date and man- solved solved solved Dis-
Well of ganese boron cal- mag- solved
Well depth collec- (Mn) (B) cium nesium sodium

location (ft)  Aquifer tion  (ug/L) (ug/L) (Ca) (Mg) (Na)
Cottonwood County

105N36W25AAB 100 Des Moines 7- =70 —_ — 92 19 6

105N37TW29AAA 7 do. 9-26-78 990 70 140 45 11

105N38W20BAA 15 do. 9-26-78 3120 20 49 41 4.7

105N38W25ABD 31 do. 9-29-72 3800 — 140 33 6.8
Murray County

105N43W01 30 Chanarambie 9-08-69 -— — 470 -_— 29

105N43W18BCC — do. 9-06-79 10,500 20 110 30 5.4

105N44W17ABB 60 Rock 6-14-78 — — 83 33 7.6

106N39W21dad 7 Des Moines 9-27-78 8800 100 130 51 7.9

106N40W12ABB 15 do. 9-27-78 4320 70 180 66 15

107N40W21AAB 15 do. 9-06-79 6120 50 150 46 15
Pipestone County

106N44W33CCD 14 Rock 9-27-78 6080 20 68 48 4.9

107N47W12CDC 14 Flandreau 9-06-79 2100 50 130 39 11
Redwood County

109N36W21DCC 15 Cottonwood 9-26-78 9500 210 120 46 21

109N37W09CCC 19 do. 9-05-79 22,950 50 120 37 7.3

110N39W17AAA 15 do. 9-28-78 6800 200 170 72 21

112N39W22BBB 10 Redwood 9-27-78 2620 110 90 40 34
Rock County

102N45W35DDC 14 Rock 9-27-78 3510 50 150 44 11

102N46W14AAA 14 Beaver 9-06-78 17,090 6 72 90 3.2

104N44W21CDC 14 Rock 9-06-78 6770 2 78 25 4.3
Nobles County

101N43W20DBD1 19 Norwegian 6-23-59 -— —_— 82 31 11

102N40W27CCD4 30 Nobles 6-10-58 — _ 118 37 13

103N42W07TAAB1 26 Kanaranzie 6-22-59 -— — 145 50 16
Jackson County

102N35W24BDB2 42 Des Moines 3-01-70 —_— — 140 44 32
Lincoln County

109N47W25DDD 53 Elk 9-12-78  0.27 -— 94 30 11

109N47W36ADD 57 do. 11-09-78  0.04 -_— 75 26 4.4
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water from surficial deposits
liter, except as noted]

Dis- Hardness, as CaCO3

Dis- Dis- Dis- Dis- solved

solved solved solved solved Nitrite solids

potas- Bicar- Carbo- sul- chlor- fluor- plus res. Calcium,

sium bonate nate fate ide ide nitrate evap. mag-  Noncar-

(K) (HCOg) (COj) (80, (CD (F) (asN) 180°C nesium Dbonate pH

5.0 230 — 110 8.5 0.2 -— 400 310 -120 7.2
5.6 400 0 200 7.2 .2 2.7 666 330 210 7.2
1.6 230 0 65 9.0 .1 9 417 190 100 7.3
1.2 290 -— 250 1.6 N — 600 250 - 1.3
— — —_ 220 41 .2 14 830 630 250 7.0
2.3 -— — 90 8.3 .3 10 502 270 130 7.3
1.9 330 — 70 6.8 .2 .2 414 270 — 7.5
2.2 470 0 100 7.2 3 0 558 390 150 7.4
1.9 320 0 260 42 .6 2.4 %63 260 400 7.2
4.2 — -— 240 34 .2 0 795 250 310 7.2

.9 330 0 61 50 .2 17 694 270 97 7.2

.9 — -— 180 12 .4 16 655 250 240 7.4
2.2 310 0 260 9.7 .3 4.3 665 250 230 7.0

.6 -— — 52 15 5 .18 419 390 62 7.3
1.3 380 0 420 22 .4 A2 958 310 410 7.3
5.2 260 0 200 17 .4 1.5 557 210 180 7.3
1.6 460 0 170 14 2 2.8 658 380 180 7.2
0.2 160 0 32 7.5 4 15 313 240 82 7.2
1.3 -—_ — 37 4.1 3 13 357 230 68 7.3
1.6 333 -— 60 5.8 1 8.6 425 332 59 7.5
1.0 328 —_ 184 8.0 3 N 952 178 6 7.2
3.4 344 -— 307 6.5 0 .6 870 568 286 8.0
— 427 — 180 41 .4 4.4 655 530 180 7.3
2.3 394 -— 46 1.2 .3 .6 428 323 — 7.5
1.7 289 —_ 37 3.9 2 3.0 350 2317 — 7.6
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Hardness is a property of water generally related to its suds-inhibiting power. Hard-
ness as CaCO, ranged from 178 mg/L in a sample from the Nobles aquifer to 630 mg/L in
a sample from the Chanarambie aquifer. The U.S. Geological Survey generally accepts a
classification of hardness according to the following table:

Grains per gallon Milligrams per liter Classification
(approximate)
0- 3.5 0- 60 Soft
3.6- 7.0 61-120 Moderately hard
7.1-10.5 121-180 Hard
More than 10.5 More than 180 Very hard

Dissolved solids in water, a general measure of water quality, ranged from 313 to
958 mg/L. Most water containing less than 500 mg/L dissolved solids is considered to be
satisfactory for most uses (National Academy of Science and National Academy of
Engineering, 1973). Water having less than 2,000 mg/L of dissolved solids is generally
satisfactory for irrigation, although boron, salinity, and sodium (alkalinity) problems may
result. However, the amount of potential damage to crops from these problems depends
on other factors also, such as porosity of the soil, drainage, irrigation practices, and erop
management (U.S. Salinity Laboratory Staff, 1954).

The U.S. Salinity Laboratory Staff, (1954) has developed a sodium-adsorption-ratio
(SAR) method that is commonly used in evaluating water for irrigation. SAR is related
to the adsorption of sodium from water by soil to which the water is added. The sodium
hazard of water from the surficial aquifer samples ranged from 0.1 to 0.8, which is con-
sidered to be low. The water can be used for irrigation on almost all soils with little
danger of the development of harmful levels of exchangeable sodium.

PRESENTATION OF DATA BY COUNTIES

Geohydrologic data on the surficial aquifers in each county are presented in the fol-
lowing text, plates, and tables. Data on the plates consist of (1) delineation of the areal
extent of the surficial deposits, (2) graphical representations of water quality, (3) loca-
tions of test holes and observation wells, (4) water-level hydrographs, (5) hydrogeologic
sections, (6) areas of 20 ft or more of saturation, and (7) locations of aquifer-test sites.
The tables contain summaries of data from auger holes and aquifer tests.

Cottonwood County

The Des Moines River drains the southwest part of Cottonwood County (pl. 1). The
Little Cottonwood River, and Pell, Dutch Charlie, Highwater, Dry, and Mound Creeks
drain northward into the Cottonwood River, and the Watonwan River and its tributaries
drain eastward into the Minnesota River. Outwash and alluvium in the valley of the Des
Moines River form the principal aquifer in the county (table 3). Minor aquifers occur in
the other river valleys. Irrigation in the county increased from 180 acres in 1970 to
2,888 acres in 1977. About half the acreage is irrigated by wells that tap surficial
deposits.
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Des Moines River valley aquifer

The Des Moines River valley ranges from about 0.5- to 2-mi wide and is 24 mi long in
Cottonwood County. The area northwest of Windom, where the river makes an abrupt turn
to the southeast, is called "Great Bend." In general, deposits in the aquifer are composed
of fine sand, silty sand, and sandy gravel interbedded with lenses of silty clay. Test
drilling of 35 holes indicates that the aquifer material is coarsest in the "Great Bend".
The water-table gradient is about 2 ft/mi in the main valley and as much as 10 ft/mi in the
tributaries. Test drilling of 17 holes indicates that the outwash is as thick as 72 ft in the
main valley but only 20 ft thick in the tributaries. Irrigation wells penetrated outwash as
thick as 85 ft in the aquifer north of the Great Bend. The outwash consists mainly of
coarse sand interbedded with clay and gravel. The cross~sectional shape of the valley
shows that the thickest part of the aquifer is on the east side of the channel, although
thickness varies considerably within short distances. The valley is 2-mi wide at Windom,
but decreases to less than 1-mi wide to the north. Water levels in wells were lowest
during the winter and highest during May. Fluctuations were about 4 ft in 1978 and 6 ft in
1979. The Great Bend area is the major source of water to wells in the county and is the
most promising area for development. Irrigation wells have yields as high as 1,000 gal/min
(table 3). The saturated thickness of the aquifer is 20 ft or more (pl. 1). About 11,000
acre-ft of water is stored in the aquifer (table 3). The water is generally a mixed calcium
sulfate bicarbonate type of relatively good chemical quality. The average dissolved-solids
concentration among four samples is 545 mg/L.

Jackson County

Although the Des Moines River is the main stream in Jackson County, drainage to the
river is poor (pl. 2). Drainage in the central part of the county is toward Heron, South
Heron, Loon, and Little Spirit Lakes. Irrigated acreage decreased from 52 acres in 1970 to
35 aeres in 1977, and the potential for irrigation from wells in surficial aquifers other than
in the Des Moines River valley aquifer is small (table 4).

Des Moines River valley aquifer

The Des Moines River valley aquifer ranges from 0.25- to 0.5-mi wide. Throughout
most of the county, the valley is incised from 100~ to 150-ft deep. Drilling of 18 test
holes indicates that the aquifer is as thick as 51 ft in the northern part of the valley and
40-ft thick in the southern part. In the middle part of the county, however, the aquifer is
less than 20-ft thick. In general, the aquifer is composed of fine to coarse sand, clayey
sand, and silty fine to medium gravel. Test drilling determined that the material is coars-
est in the northern and southern parts of the river valley. Data from an observation well
near the Cottonwood County line indicate that the water level declined 5 ft during 1978
but rose 7 ft during spring 1979. Periodic measurement in an observation well in the
southern part of the county indicated that the water level, which is 11 ft below land
surface, did not change significantly during the 2-year period of record. The area that has
the greatest potential for development, shown on plate 2 as an area of 20 ft or more of
saturated sand and gravel, is near the Cottonwood County line. Results of test drilling
indicate that the outwash is as thick as 51 ft. Saturated thickness was 45 ft during the
summer of 1979, which indicates that large well yields are probably obtainable. Potential
yields in other areas are small. Water from the aquifer is fairly low in dissolved solids,
which ranges from 350 mg/L in the northern part of the aquifer to 650 mg/L in the south-
ern part (Anderson and others, 1976b). The water is a mixed calcium sulfate bicarbonate

type.
18
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Lincoln County

Most of Lincoln County is on the Coteau above the surrounding prairie. Although
there are several stream channels in the Coteau, evidently formed during the last
glaciation, no major surficial outwash was deposited. However, several aquifers contain
sufficient saturated deposits to be considered for development. These aquifers, shown on
plate 3 where the saturated thickness is greater than 20 ft, are in the Flandreau Creek
channel, Elkton outwash plain, and Porter area. Test-hole data on the aquifers are given
in table 5.

Flandreau Creek-Lake Benton channel aquifer

The Flandreau Creek-Lake Benton channel extends from Lake Benton southward to
the Pipestone County line. Flandreau Creek begins about 1 mi south of Lake Benton.
North of this point, the drainage is toward Lake Benton. The channel is 0.5-mi wide or
less in Lincoln County, but increases to more than 0.5-mi wide south of the Pipestone
County line. Most of the deposits in the channel near Lake Benton consist of clay and
sandy silt, but the sand and gravel content increases southward. A series of test holes
across the channel at the Pipestone County line indicate that the outwash is thick.
Moderate yields should be obtainable in this area.

Elkton aquifer

The Elkton outwash plain, which is associatfd with narrow bands of outwash in
Spring and Medary Creeks, has an area of 6 mi“ in the southwest corner of Lincoln
County. Although the seven test holes drilled penetrated as much as 66 ft of sand and
gravel in the southern part of the outwash plain, much of the material in the northern
part consists of clay and sandy silt. Potential yields to wells are large in the southern
part, but are small in the northern part. In August and September 1978, test wells were
drilled west of Verdi for the Lincoln-Pipestone Counties Rural Water District (DeWild
and others, 1979). The wells ranged in depth from 53 to 67 ft. Static water level ranged
from 25 to 30 ft. Aquifer tests were made on five production wells during October and
November 1978. The wells were pumped from 12 to 146 2hours at 75 to 600 gal/min.
Aquifer transmissivities ranged from 13,000 to 16,000 ft“/d and storage coefficients
from 0.01 to 0.014 (Fax, 1980). Specific capacity of the test wells ranged from 12 to 35
(gal/min)/ft. Water is of good chemical quality, and water type is a mixed calcium sul-
fate bicarbonate. Dissolved solids in water from two of the test wells were 350 and 428
mg/L (DeWild and others, 1979).

Porter aquifer

The Porter aquifer, in the northeast corner of Lincoln County, includes the outwash
in the valleys of the Yellow Medicine River and its tributary, the North Fork. Most of
the material consists of thin deposits of silt and fine to medium sand. However, more
than 30 ft of fine to coarse gravel was penetrated in test hole 113N44W11DCC. Moderate
yields can be expected locally.

Murray County

The Des Moines River valley is underlain by outwash that forms the largest surficial
aquifer in the county (pl. 4). Aquifers in the valleys of Beaver, Chanarambie, Line, Plum,
and Willow Creeks yield only small quantities of water to wells, none for irrigation. The
summary of test-hole data for surficial deposits in Murray County is shown in table 6.
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Des Moines River valley aquifer

The Des Moines River valley is about 0.5-mi wide near Lake Shetek and increases to
2-mi wide at the Cottonwood County border. The deposits in the valley consist of fine
sand to coarse gravel interbedded with dark-gray silty clay and lenses of silt. Analyses
of 41 test holes indicate that the deposits range in thickness from 6 to 40 ft and average
17 ft. The maximum saturated thickness was 33 ft in test hole 107TN40W35BAB. Hydro-
graphs of four observation wells show that the water level rose from 4 to 6 ft in spring
1979, and that the water levels in summer 1979 were 2 to 3 ft above levels in summer
1978. Above-normal precipitation during winter and spring 1979 caused the water levels
to rise to all-time highs. Generally, high water levels occur in March and April and low
water levels in September. Yields of wells in the aquifer vary greatly. Small yields may
be expected from wells in most of the aquifer, but moderate yields may be expected
locally where the saturated thickness of the sand and gravel is greater than 20 ft. The
most favorable area is shown on plate 4 to extend from Currie southeast for 7 mi. A
sample from observation well 107N40W21AAB (August 1977) at the south edge of Currie
show that the dissolved-solids concentration was 795 mg/L, and that the water can be
classified as a magnesium sulfate type (table 2). Analyses from observation wells 5, 8,
and 13 mi below Currie show that the dissolved-solids concentration decreased to 763,
558, and 417 mg/L, respectively.

Nobles County

The physiography of Nobles County is dominated by the Coteau des Prairie, which
trends south and southeast from the Murray County border to Iowa. Associated with the
Coteau are surficial-outwash deposits that occur as long, narrow bodies following stream
courses (pl. 5). The drainageways that head on the east side of the Coteau are relatively
narrow and contain fine-grained material. During the Pleistocene age, flow in these
streams, which drained the back slopes of the moraines, may have been too small to
carry large amounts of gravel (Norviteh, 1960). Drainageways that formed on the front
slopes of the Coteau contain gravel deposits.

Large water supplies may be obtained from aquifers in the Kanaranzi Creek valley
and the Worthington channels. The surficial aquifers are used by Worthington, Bigelow,
Lismore, and Adrian. Irrigation from surficial aquifers was about 500 acres in 1977. The
summary of test-hole data for surficial deposits in Nobles County is shown in table 7.

Kanaranzi Creek valley aquifer

Kanaranzi Creek has the largest drainage system in Nobles County. The width of
the valley varies from less than 0.5 mi to more than 1 mi near the Roeck County border.
Logs of 21 test holes show that the thickness of the sand and gravel averages 24 ft from
the Rock County border to 4 mi north of Adrian. East of Adrian the deposits become
clayey. The saturated thickness is generally 12 ft. Yields to wells will probably be small
where the aquifer is narrow; however, large yields should be obtainable where the depos-
its are greater than 25-ft thick and 1-mi wide. Pumping rates of the Adrian and Lismore
wells are 115 and 50 gal/min, respectively. Water from the aquifer is very hard and high
in sulfate concentration.

The Norwegian Creek valley ranges from about 0.25-mi wide in the headwaters to
about 1-mi wide at the Rock County border. Results of 4 test holes drilled in 1959 show
that the outwash ranges from 21- to 60-ft thick and averages 37 ft (Norviteh, 1960).
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Three locations, shown on plate 5, where saturated thickness is greater than 20 ft, have a
potential for the development of large supplies. The most promising area extends from
the Rock County border to Adrian.

Worthington channels

The Worthington channels consist of two outwash valleys that extend south from
Okabena Lake to Ocheda Lake. Below Ocheda Lake, the Ocheyeda River flows in the
west channel to Lake Bella near the Iowa border. The east channel joins the west chan-
nel 1 mi north of the border. The valley floors are less than 0.5-mi wide and are less
than 20 ft below the prairie. Three test holes drilled in the channel deposits south of the
west arm of Ocheda Lake in 1959 (Norviteh, 1960) and eight holes drilled in the same
general area in 1978, show that the maximum thickness of the deposits was 61 ft; the
average thickness was 20 ft. The deposits consist of sandy silt underlain by gravel. Static
water levels average 7 ft, and the saturated thickness averages 13 ft. Yields to wells
will vary considerably within short distances because of abrupt changes in lithology and
thickness. The city of Worthington had 10 wells pumping from the channel deposits in
1978. The 5 wells located 1 mi south of town yield 35 gal/min each, whereas, the 5 wells
6 mi south of town yield 400 to 500 gal/min each. Saturated thicknesses ranged from 40
to 50 ft in the southernmost wells. The only potential for further development is south
of Lake Ocheda. Test hole 101N40W27BAB penetrated 56 ft of fine to coarse gravel.
Analyses of water from well 102N40W27CCD4 (table 2) indicate that the dissolved-solids
concentration is 552 mg/L. The water is hard and is a caleium sulfate bicarbonate type.
Concentrations of sulfate and caleium are 184 and 118 mg/L, respectively.

Pipestone County

The Coteau des Prairie crosses the northeastern corner of Pipestone County and
gives rise to the Redwood River, Rock River, Flandreau Creek, and Pipestone Creek (pl.
6). Water use for irrigation is restricted to the Pipestone Creek aquifer. Irrigation by
sprinklers has increased from 120 acres in 1970 to 1,421 acres in 1977. The village of
Edgerton wells tap the Rock River valley aquifer. Table 8 contains the summary of test-
hole data for surficial deposits in Pipestone County.

Rock River valley aquifer

The Rock River heads on the southwestern flank of the Coteau and flows southward
through a 1-mi wide valley near the eastern edge of the county. Results of 20 auger
holes indicate that deposits in the Rock River valley aquifer consist of thin lenses of sand
and gravel interbedded with clay. The deposits ranged from 4 to 37 ft in thickness and
averaged 19 ft. Thicker and coarser material occurs locally. A hydrograph of well
106N44W33CCD (June 1978, pl. 6) shows that the water level was 6 ft below land surface
during 1978 but recovered 4 ft during spring 1979. Throughout the rest of the year the
water level gradually declined except in July when heavy rains fell. Fluctuations of
water levels in observation well 105N43W18BCC (July 1978) at the Murray County line in
the Chanarambie Creek valley were similar to those in the Rock River valley aquifer.
Analyses of material penetrated in test holes and results of an aquifer test indicate that
potential well yields are small. A well tapping coarse gravel deposits 30-ft thick in the
headwaters of East Branch Rock River is reported to yield 600 gal/min. However, yields
of 100 gal/min can be expected from much of the aquifer because of the limited draw-
down. A test well 2 mi north of Edgerton was pumped for 24 hours at 68 gal/mi? (Dewild
and others, 1979). The well taps 57 ft of deposits. Transmissivity was 4,000 ft°/d. Logs
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of test holes indicate that the deposits are clayey. Chemical analyses of water from
observation well 106N44W33CCD (June 1978) and test hole 105N44W17ABB indicate that
dissolved-solids concentrations were 694 mg/L and 414 mg/L, respectively (table 2). The
water is very hard and is of the caleium bicarbonate type. The National Academy of
Science and National Academy of Engineering (1973) recommended limit of nitrite-
nitrate concentration was exceeded in well 106N44W33CCD (June 1978).

Big Sioux tributary aquifers

Flandreau, Pipestone, and Split Rock Creeks drain the western half of Pipestone
County. Al flow southwestward to the Big Sioux River in South Dakota. Deposits in the
Split Roek Creek valley do not have sufficient saturated thickness to yield water to
wells,

The Flandreau Creek valley is a well-developed channel that is 0.5-mi wide. The
valley floor is 50 ft below the prairie. Deposits consisting of silty sand and gravel with
lenses of clay range in thickness from 16 to 28 ft and average 20 ft. The water level in
observation well 107N47W12CDC (September 1978) rose 4 ft in spring 1978 and 3 ft in
spring 1979 but declined 1.5 ft during summer 1978 and 1979. Potential well yields from
the deposits are small. Large yields may be available locally where deposits are coarser
and thicker; such as the area near the Lincoln County line (pl. 6). The concentration of
dissolved solids was 655 mg/L (table 2) from observation well 107N47W12CDC
"(September 1978). The water, which is of the calcium sulfate type, exceeds the National
Academy of Science and National Academy of Engineering (1973) recommended limit for
nitrite-nitrate concentrations.

Pipestone Creek heads on the western slope of the Coteau. The Creek valley is
partly filled with water-laid sand and gravel. Data from 24 test holes indicate that the
outwash ranges in thickness from 15 to 60 ft and averages 26 ft. Thick deposits of sand
and gravel in the drainage system form broad terraces near the confluence of tribu-
taries. Two holes penetrated 40 and 60 ft of sand and gravel near the confluence of the
North Branch and Pipestone Creeks. Saturated thicknesses were 19 and 39 ft, respec-
tively. Water-level fluctuations in observation well 107N47W12CDC (September 1978)
indicate that the annual change is about 4 ft. Water levels rose sharply in spring, were
highest in May, and then decreased gradually the rest of the year except as affected by
precipitation. Five irrigation wells produce water from the Pipestone Creek valley aqui-
fer and terrace deposits, which are hydraulically connected. Yields range from 400 to
725 gal/min and depths range from 41 to 62 ft. Aquifer tests were made on two irriga-
tion wells (Fax, 1980). The well in the upper reach is 56 ft deep and was pumped at 725
gaé/min. Drawdown was 27 ft after 72 hours. The average transmissivity was 15,600
ft®/d and the storage coefficient was 0.02. The other test was made on well
106N46W08DAB near the South Dakota border. The well is 61-ft deep and was pumped at
550 gal/min. Transmissivity was 16,000 ft“/d.

Redwood County

Drift forms a gently undulating plain over the bedroeck in Redwood County. The
plain is interrupted in part by the Cottonwood River valley and by the large Minnesota
River valley and its tributary, the Redwood River valley. The most produetive surficial
aquifers are in the valleys of the Redwood and Cottonwood Rivers (pl. 7). Irrigation from
wells has increased from 340 acres in 1970 to 1,095 acres in 1977. However, only 2 of
the 12 wells are completed in the surficial aquifers. Test-hole data are given in table 9.
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Redwood River valley aquifer

The Redwood River flows northeastward across Redwood County and occupies a
broad, shallow valley, which ranges in width from 0.5 to 1 mi. The Redwood valley is
parallel to the Antelope Moraine (Leverett, 1932) and is associated with a melt-water
channel incised in the underlying shale of Cretaceous age to a depth of about 60 ft
(Schneider and Rodis, 1961). In places, the outwash in the valley is underlain directly by
granite (Helgeson, 1967). The melt-water channel was filled with till, glacio-lake de-
posits, and thick deposits of highly permeable water-bearing sand and gravel. Results of -
50 test holes show that the sand and gravel range in thickness from 10 to 60 ft and aver-
age 25 ft. Water levels fluctuated only 3 ft during the 2 years of record in observation
wells 112N37W21CCB and 112N39W22BBB (pl. 7) Cause of the small fluctuation was
probably due to limited water use of the aquifer and high specific yield of the deposits.
Water levels in observation well 112N38W21BBC fluctuated 4 ft, probably because the
well is developed in less permeable material. Water levels show a seasonal fluctuation
closely related to rainfall. Large well yield can be expected from most of the aquifer.
The area where the saturated thickness is 20 ft or greater, as shown on plate 7, extends
from the Lyon County border to Seaforth. Aquifer tests made near Marshall, Lyon
County, indicated transmissivity values of 4,000 ft“/d (Rodis, 1963) and 5,400 ft“/d
(Thompson, 1965). Water from observation well 112N39W22BBB (March 1977) had a
dissolved-solids concentration of 557 mg/L. The water is very hard and of the calcium
sulfate bicarbonate type (table 2).

Cottonwood River valley aquifer

The Cottonwood River enters Redwood County from the west and flows southeast-
erly, leaving the county at the southeast corner. Major tributaries are Plum, Pell, Dutch
Charlie, Highwater, and Dry Creeks. All tributaries are on the south side because the
river is adjacent to the southern edge of Leverett's "Marshall moraine" (1932) and the
land surface in the area slopes northeastward fromzthe crest of the Coteau. The Cotton-
wood River valley aquifer, which underlies 17 mi“, consists of a narrow band of sand,
gravel, silt, and clay. The valley floor is about 50 ft below the level of the prairie. Data
from 31 test holes indicate that the thickness of the outwash ranges from 12 to 65 ft and
averages 27 ft. Drilled in the central part and northern side of the valley generally
penetrated thicker and more numerous sand and gravel lenses than those drilled on the
southern side. The saturated thickness of the aquifer ranged from 1 to 60 ft, but was
generally less than 25 ft. Monthly measurements in four observation wells in the aquifer
for 2 years indicate that the annual water level fluctuates 4 ft (pl. 7). Irrigation well
109N37W02DCC, which is 34-ft deep and penetrates 17 ft of sand in the Cottonwood
aquifer, was pumped for 72 hours at 300 gal/min. Analyses of the aquifer-te§§ data
indicate that the transmissivity was 3,900 ft“/d, storage coefficient 5.6 x 10 “, and
specific capacity 18.1 (gal/min)/ft (Fax, 1980). Potential yields to wells range from
moderate to large. Small yields are available from aquifers in the tributaries. Water
from observation wells 110N39W17AAA (April 1977), 109N37TW09CCC (June 1977), and
109N 36W21DCC (November 1977) is a calcium sulfate bicarbonate type that ranges in
dissolved-solids concentrations from 419 to 958 mg/L. Sulfate concentrations ranged
from 310 to 380 mg/L.
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Rock County

Surficial aquifers are present in the valleys of the Rock River and its tributaries
(Champepadan, Elk, and Kanaranzi Creeks) and the Big Sioux tributaries (Split Rock and
Beaver Creeks). The aquifer in the Rock River valley is the largest and most produc-
tive. During 1970-77, the irrigation acreage increased from 160 to 1,652. The aquifer is
also tapped by wells for Luverne. The summary of test-hole data is given in table 10.

Rock River valley aquifer

The Rock River enters Rock County from Pipestone County, and flows southward
through the eastern part of the county. The width of the valley increases from 0.5 to 1.5
mi, as shown on plate 8. Deposits in the valley consist of fine to coarse sand with
interbedded silt and gravel. The average thickness is 22 ft in the northern part of the
county and 24 ft in the southern part. Maximum thickness is 42 ft and maximum satur-
ated thickness is 38 ft. Water levels are generally less than 8 ft below land surface.
Water levels in observation wells rose more than 2 ft during the 1979 spring snowmelt in
the valley north of Luverne in well 104N44W21CDC (April 1978) and more than 4 ft in
the valley south of Luverne in well 102N45W35DDC (January 1978). Two areas are shown
on plate 8 where saturated thickness is greater than 20 ft. One area is east of Hardwick
and the other extends from Blue Mounds State Park south to 1 mi from the Iowa border.
Data from test holes and aquifer tests indicated that large yields may be expected local-
ly in these areas. Results of three aquifer tests are also shown on plate 8. Two wells
were tested north of Ash Creek by Rock County Rural Water District (DeWild and others,
1979). The wells are 32-ft deep and penetrate fine sand and medium to coarse gravel.
Transmissivities were 4,000 and 8,000 ft°/d and the storage coefficient was 0.12,
Results of the third aquifer test, which used a §ve11 in the surficial deposits at Luverne,
determined that the transmissivity was 7,300 ft“/d (Fax, 1980). The well was 38-ft deep
and pumped at 200 gal/min. Analysis of a water sample from observation well
104N44W21CDC (April 1978), in the northern part of the aquifer, shows that the
dissolved-solids concentration is 357 mg/L. Nitrite-nitrate concentration exceeded the
recommended National Academy of Science and National Academy of Engineering (1973)
limits. The sample from observation well 102N45W35DDC (January 1978) in the southern
part of the aquifer had 658 mg/L dissolved solids and high concentration of sulfate.

Big Sioux tributary aquifers

Beaver Creek drains the west-central part of Rock County. The creek probably was
the outlet for the swamp or shallow lake that covered a depression in the northwest part
of the county. The valley is 0.5-mi wide in the upper reach and increases to 1-mi wide at
the South Dakota border.

Outwash in Beaver Creek valley aquifer ranged from 10- to 40-ft thick, based on
logs from eight test holes. The average saturated thickness was 20 ft. The outwash
consists of medium to coarse sand, but some silt and very coarse sand oceurs. A hydro-
graph of observation well 102N46W14AAA shows that the water level fluctuated 4 ft dur-
ing 1978 and 5 ft during 1979. Water levels averaged 8 ft below land surface during 1978
and 6 ft below land surface during 1979. An analysis of water from observation well
102N46W14AAA (February 1978) shows that the dissolved-solids concentration is 313
mg/L. Concentrations of nitrite-nitrate was 15 mg/L (table 2).
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SUMMARY AND CONCLUSIONS

Surficial aquifers in southwest Minnesota consist of unconfined surficial outwash and
alluvium in stream channels. Principal surficial aquifers are in the Cottonwood, Des
Moines, Redwood, and Rock River valleys, the aquifers in Nobles County, and the Big
Sioux tributary aquifers in Pipestone and Rock Counties. These aquifers are important
sources of water because they contain large deposits of saturated sand and gravel, have
large quantities of water in storage, and are readily recharged. Other factors that make
the aquifers significant are that the (1) areal extent can be traced with relative ease, (2)
water is of fairly good quality, (3) depth of wells is generally less than 100 ft, and (4)
yield to individual wells is as much as 1,000 gal/min. Although high yields are obtained
locally, yields are generally less than 100 gal/min.

Well vields sufficient for domestic use can generally be obtained wherever the sand-
and-gravel aquifers are present. Yields sufficient for municipal, irrigation, or industrial
use are possible in parts of the aquifer. Desirable locations for large yields seem to be
(1) where the outwash in the valley is the widest, thickest, and most permeable, (2) near
a surface-water body such as a lake or stream, (3) near the confluence of two channels,
and (4) away from relatively impermeable hydrologic boundaries, such as valley walls.
The following summary by counties is a brief description of where potential well yields
are moderate to large (200 gal/min or greater).

Cottonwood County has some of the highest yielding wells. North of Windom, irriga-
tion wells that yield as much as 1,000 gal/min are completed in surficial deposits of the
Des Moines River valley.

Jackson County has two areas in the Des Moines aquifer that are favorable for fur-
ther development. Well yields sufficient for domestic and small industrial supplies are
available near the Iowa border. Moderate well yields are available in a small area near
the Cottonwood County border.

In Lincoln County, potentially large well yields are available from the more perme-
able deposits at the county line in the Flandreau aquifer, in the southern part of the
Elkton aquifer, and in the southern part of the Porter aquifer.

In Murray County, large well yields can be obtained from surficial deposits only from
the Des Moines River valley aquifer near Currie.

Nobles County has four areas where aquifers will potentially yield as much as 200
gal/min. Two are from the Kanaranzi aquifer near Adrian and another is from the
Kanaranzi aquifer near Ellsworth. The fourth area is the channel deposits south of
Worthington.

In Pipestone County, well yields of as much as 1,000 gal/min are obtained from the
Pipestone Creek aquifer. Moderate yields can potentially be obtained from the
Flandreau aquifer near the Lincoln County border.

In Redwood County, moderate well yields can be expected from the Redwood and
Cottonwood aquifers. Only small yields are available from aquifers in tributaries to the
Cottonwood River.
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In Rock County, moderate well yields are generally obtained from aquifers in the
Rock River and its tributaries. However, large yields may be expected locally.

Dissolved-solids concentrations in water from surficial-outwash aquifers is generally
less than 800 mg/L. The water is very hard, most ranging from 100 to 630 mg/L as
CaCO,.. Dissolved iron and manganese concentrations are generally high. Sulfate
concentrations in the Kanaranzi Creek valley aquifer and the Cottonwood River valley
aquifer are high. Locally, high concentrations of nitrite-nitrate are present in the
Chanarambie Creek valley aquifer in Murray County, the Rock River valley and Flan-
dreau Creek valley aquifers in Pipestone County, and the Beaver Creek valley and Rock
River valley aquifers in Rock County
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